Dissolution is the rate-limiting step in the absorption of drugs from solid dosage forms. This is to be focused especially when the drug is poorly soluble. Etoposide is a poorly soluble drug and its absorption is dissolution rate limited. The present study is aimed at improving the dissolution of etoposide. Solid dispersions of drug with surfactants were prepared by using kneading technique. Kneading technique is more applicable to industry. Surfactants such as cetrimide, sodium lauryl sulphate, Tween 80 and Cremophor RH40 were used in different proportions. Etoposide gave faster dissolution rates when Cremophor RH40 was used. The DSC thermograms and IR spectra revealed no interaction of etoposide with these surfactants and no degradation in etoposide molecule was observed.
Dissolution is the rate limiting step in the case of poorly cetrimide, SLS, Tween 80 and Cremophor RH40 were water soluble drugs, in the process of drug absorption.
used in different proportions for enhancing the solubility Potential bioavailability problems are prevalent with and thereby the dissolution. All the formulations were extremely hydrophobic drugs (aqueous solubility less subjected to evaluation with special emphasis on than 0.1 mg/ml at 37°) due to erratic or incomplete dissolution rate studies. absorption from GIT. The kneading approach has been widely and successfully applied to improve the solubility,
MATERIALS AND METHODS
dissolution rates and consequently the bioavailability of poorly water soluble drugs 1 . A number of surfactants are Etoposide was obtained from Cadila Pharmaceuticals used frequently for enhancing the solubility of poorly Limited, Ahmedabad as a gift sample, cetrimide and soluble drugs [2] [3] [4] . In the present investigation we studied Cremophor RH40 were obtained from Loba Chemicals, the effect of cetrimide, sodium lauryl sulphate (SLS), Mumbai, SLS was obtained from S.D. Fine Chemicals, Tween 80 and Cremophor RH40 on the dissolution rate Mumbai, Tween 80 was obtained from Sigma Chemical of etoposide.
Co, St. Louis, MO., microcrystalline cellulose (MCC), lactose and PVP K30 were obtained from Knoll Etoposide an anticancer drug, is chemically designated as 4'-demethylepipodophyllotoxin 9- [4,6- 
. It is a poorly soluble drug in water as per USP 6 . Because of its poor aqueous solubility, etoposide may pose dissolution related absorption problem 7 . It is marketed as capsules and is official in USP. Hence attempt was made to improve the dissolution of etoposide through preparing solid dispersions of drug with surfactants using kneading method. Surfactants like www.ijpsonline.com min. The mass obtained in each case was passed through sieve # 20 to get granules. These granules were dried at 40° until granules having not more than 2.5% moisture content. The dried granules were again passed through sieve # 30 to get uniform granules. The resultant granules equivalent to 100 mg of etoposide were filled in size '2' hard gelatin capsules.
Preparation of physical mixtures:
The physical mixtures of etoposide, MCC and lactose with cetrimide, SLS, Tween 80 and Cremophor RH40
Differential scanning calorimetry (DSC):
Differential scanning calorimetry (DSC) of etoposide and its kneading preparations were performed in the temperature range of 30° to 300° using Shimadzu DSC-50 Thermal Analyzer. Samples were placed in an aluminum pan and heated at 10°/min with an empty pan as reference.
In vitro dissolution study: Dissolution studies were conducted by using USP XXIV paddle method (apparatus 2) official in USP 6 . The 
Drug content:
An accurately weighed quantity of granules equivalent to 10 mg of etoposide (theoretically) were taken into a 100 ml volumetric flask and dissolved in 1:9 ratio of methanol and chloroform. One millilitre of drug solution was diluted to 100 ml with pH 4.5 acetate buffer and assayed for drug content using double beam spectrophotometer at 254
Reproducibility of method:
The reproducibility of the method was checked by preparing four batches of one formulation for each surfactant under similar set of conditions. The percentage yield and drug contents were estimated. The results were subjected to statistical analysis (ANOVA) to assess whether the drug content was uniformly distributed in the kneading preparations and the reproducibility of the technique.
stirring rate was 50 rpm. An acetate buffer (pH 4.5) was used as dissolution medium (900 ml) and was maintained at 37±1°. Hard gelatin capsules containing prepared mixtures were taken to conduct the dissolution study. Samples of 5 ml were withdrawn at predetermined time intervals with a pipette fitted with a filter. The collected samples were analyzed for etoposide content by UV spectrophotometric method at 254 nm. The volume withdrawn at each time interval was replaced with fresh quantity of 5 ml of dissolution medium. Dissolution studies were performed for three times and mean values were taken.
RESULTS AND DISCUSSION
All the formulations were found to be free flowing under dry conditions. Low values of standard deviation in respect of drug content indicated uniform drug distribution in all the formulations. Statistical treatment with ANOVA test on prepared kneading and physical mixtures with pure drug in water shown significant difference in the mean percent of drug dissolved at p=0.05. (figure not shown) showed an endothermic peak at 189.3°, dissolution rate increased with the increased amounts of which indicates the melting point of etoposide. There is surfactants, but they did not meet the USP requirement. no peak appeared other than the principal peak,
DSC thermogram of etoposide in prepared formulations
The mean percent of etoposide dissolved with indicating that the etoposide is in solid solution form and function of time in minutes from kneading mixtures of no interaction between the drug and carrier.
various surfactants are shown along with standard deviation in fig. 2 . The respectively. The results are shown in Table 3 . The increase in the dissolution rate of the solid in the study. The increase in dissolution rate is mixtures might be due to size reduction and increases proportional to the concentration of surfactant in all in the wettability of the drug molecules in presence of cases. The dissolution of etoposide in pure form and the surfactants and Cremophor might be acting as a from various kneading preparations obeyed Hixson powerful surfactant compared to other surfactants used Crowell's cube root dissolution rate equation. All the www.ijpsonline.com formulations follow the first order dissolution kinetics as shown in 
